This study assessed farmers' perception of climate change, estimated the determinants of, and evaluated the relationship among adaptation practices using the multivariate probit model. A survey in 300 agricultural households was carried out covering 10 sample districts considering five agro-ecological zones and a vulnerability index. Four adaptation choices (change in planting date, crop variety, crop type and investment in irrigation) were deemed as outcome variables and socioeconomic, demographic, institutional, farm-level and perceptions variables were deployed as explanatory variables. Their marginal effects were determined for three climatic variables-temperature, precipitation and drought. Age, gender and education of head of household, credit access, farm area, rain-fed farming and tenure, are found to be more influential compared to other factors. All four adaptation-options are found to be complimentary to each other. Importantly, the intensity of impact of dependent variables in different models, and for available adaptation-options, are found to be unequal. Therefore, policy options and support facilities should be devised according to climatic variables and adaptation options to achieve superior results.
Introduction
Climate change is having an affect worldwide, however, developing, landlocked and island countries, like Nepal, are more vulnerable [1, 2] although the contribution of these countries is negligible [3, 4] . Notably, it has been recognized as the major challenge of the era. Consequently, the Sustainable Development Goals (SDG) has incorporated Climate Action as a separate goal (Goal 13), recognizing the facts like-its potentiality to undermine the achieved economic gains; greater impacts in developing countries; over 100 million people may become poor and hungry by 2030, if urgent action is not taken, which was not included in the Millennium Development Goals (MDG) [5] Acknowledging the unique cause and effect relationship between agriculture and climate change, agriculture is the prime concern in climate change study. Firstly, it contributes one-third of all Greenhouse Gas (GHG) emissions, and among this, 86% is anthropogenic [6] . Secondly, agriculture and pasture claim around 1.3 billion hectares and 3.5 billion hectares respectively, suggesting it is the livelihood of a significant amount of the population [7] . Finally, the sector is responsible for feeding over nine billion people in the world by 2050 [8] .
Change in cropping pattern, variations in crop yield, increase in the incidence of disease pest has been observed due to climate change [4] . Moreover, climate change and agriculture-mainly food security view point has been studied by various scholars [9] [10] [11] [12] . Internalizing the potential impact of climate change in agriculture and ultimately on overall development, the SDG has incorporated both climate change and agriculture with due priority which could contribute to the sustainable development. Climate change adaptation is relatively a novel notion, which is broadly defined as the local-level adjustments to tackle changes under given socioeconomic constraints [5, 13, 14] . Although climate change adaptation literature has increased recently, measuring determinants are still relatively scarce [13] . Among them, the majority of studies are focused in Africa [15] [16] [17] [18] [19] . Yegbemey et al. (2013) assessed the farmers' decisions to adapt to climate change in maize farming of the West Africa. Mulwa et al. (2017) examined the role of household and farm characteristics along with information in Malawi. Nhemachena et al. (2014) analyzed the determinants of adaptation at farm-level in South Africa. Likewise few studies has been carried out in Asia. Ung et al. (2016) studied climate change adaptation in costal Cambodia [20] . Gentle and Maraseni (2012) have studied adaptation practices in rural mountain community in Nepal [21] .
Nepal is among one of the highly vulnerable countries due to climate change [22, 23] and its vulnerability is heightening owing to several physical and socioeconomic constraints [2, 4, 24] , where climatic change has already been observed and recorded. Moreover, trend analysis of the period 1975-2005 found an annual average temperature increase by 0.06 • C, whereas a mean precipitation decline by 3.7 mm per month per decade [3] . Likewise, by 2060, the predicted increase in annual mean temperature is 1.3-3.8 • C under various scenarios, whereas annual average precipitation was projected to be shrunken by 10% to 20% [3] . Consequently, the short-supply of water, extreme weather and increased incidence of disease-pests are affecting agriculture because of climate change, and thus food security is seriously threatened [22] .
Since Nepal is indexed as highly vulnerable, comprehensive study on climate change is urgent and agriculture is a critical area to consider regarding climate change [25] . However, previous studies are mostly descriptive [2, [26] [27] [28] , and a few studies which tried to determine factors affecting adaptations were focused on a specific locality [13, 29] . Therefore, this study covers a broader perspective at the national level, and deployed several factors affecting adaptation choice of farmers, which were not considered before.
Materials and Methods
Nepal has five physiographic regions-High Mountain, Mountain, Hill, Shivalik and Terai [24] . Table 1 presents the sample districts, physiographic regions and vulnerability index from the National Adaptation Programme of Action (NAPA). A pilot was carried out in Dadhing, and a household survey was conducted from January 2015 to June 2015 adopting a random sampling technique. Per district, 30 households were picked to sum up 300 households, and respondents were asked whether they perceived the change in climate with a possible answer of yes or no. If they perceived the changes, then they were further asked whether they adopted given sets of adaptation options with possible answers of yes or no.
The simplest model for binary responses is the linear probability model, but it faces the problem with disturbance terms, which become deterministic and heteroskedastic, and predicted probability could be over 1 or below 0 for extreme values of dependent variables [30, 31] . To overcome the Sci 2019, 1, 57 3 of 12 deterministic problem, a maximum likelihood estimation technique could be deployed and to overcome heteroskedasticity, either logit or probit estimations could be employed [30] . The next alternative is a univariate model, however it cannot measure the potential correlation among the unobserved disturbance and relationship between different choices [32] . To overcome this drawback, the multivariate probit model (MVP) could be employed [13, 17, 32] .
The MVP is a binary response regression model used to estimate both observed and unobserved influence on dependent variables by several independent variables simultaneously, which permits error terms to correlate freely [33] [34] [35] .
The general specification for the MVP is [31] 
where x is a matrix of covariates, consisting any categorical variables, β is matrix of unknown regression coefficients and ε m is residual error. R is the variance-covariance matrix. The off-diagonal elements in correlation matrix ρ jm represent the unobserved correlation between the stochastic component of the jth and mth options [13] . The marginal effects of independent variables on the propensity to adopt different adaptation options were calculated by the following equation [17] .
where P i is the likelihood of event i which increases adoption of each adaptation option, and ϕ(.) is the standard univariate normal density distribution function. For data analysis STATA 13.0 was employed, and to get consistent estimates the number of draws was set to 100 which is five by default [13, 36] .
Factors affecting the choice of adaptation practices were taken as explanatory variables, as described in Table 2 with the expected relationship. Importantly, there is lack of straightforward theory regarding selection of predictors [17] , however, several previous empirical studies have enabled the nomination appropriate predictors. 
Results
Climate change perception was assessed among farmers using three climatic variables instead of asking directly whether they were perceiving climate change. The majority of the population perceived temperature alteration (92%), precipitation change (87.67%) and change in drought frequency (66.76%).
Among the farmers who perceived temperature alteration, a higher proportion (84.12%) reported an increasing trend and 63.88% responded that precipitation is decreasing. Similarly, 81% of farmers confirmed that the frequency of drought is increasing.
The adoption of adaptation options according to the change in climatic variabilities are presented in the Figure 1 . The results showed that investment in irrigation facilities are the most common adaptation practice against change in temperature and change in drought. Likewise, change in planting date is the most famous adaptation option against change in precipitation. Change in crop type was found the least common adaptation option against all kinds of climatic variabilities.
DrghtYN
Perceive change in drought frequency (Yes = 1; No = 0) 0.663 0.473 ± PestYN Perceive change in incidence of disease pests (Yes = 1; No = 0) 0.893 0.309 ± Precip_DryWet Direction of rainfall change (Increasing = 1, Decreasing = 0) 0.190 0.393 ±
Results
The adoption of adaptation options according to the change in climatic variabilities are presented in the Figure 1 . The results showed that investment in irrigation facilities are the most common adaptation practice against change in temperature and change in drought. Likewise, change in planting date is the most famous adaptation option against change in precipitation. Change in crop type was found the least common adaptation option against all kinds of climatic variabilities. The null hypothesis for test of independence was rejected for all models, as the likelihood ratio test (Prob > χ 2 = 0.0000) of independence of error terms is significant. Thus, use of MVP is justified indicating that the model is capturing wider effects than the single equation-probit model could obtain. Thus, the equations are inter-dependent. Similarly, all pairwise correlation coefficients (Rho), which are presented in Table 3 , are positive and mostly highly significant. It indicates that all four sets of adaptation options are complimentary to each other. The null hypothesis for test of independence was rejected for all models, as the likelihood ratio test (Prob > χ 2 = 0.0000) of independence of error terms is significant. Thus, use of MVP is justified indicating that the model is capturing wider effects than the single equation-probit model could obtain. Thus, the equations are inter-dependent. Similarly, all pairwise correlation coefficients (Rho), which are presented in Table 3 , are positive and mostly highly significant. It indicates that all four sets of adaptation options are complimentary to each other. Table 3 presents the determinants of climate change adaptation for change in temperature, change in precipitation and change in drought frequencies-called as temperature model, precipitation model and drought model. Each model has four dependent variables-change in cropping date (Crop_Date), change in crop type (Crop_Type), change in crop variety (Crop_Vrty) and change in investment on irrigation (Crop_Irrig). Important to note, each independent variable has different level of influence on different dependent variables in different models.
Determinants of Climate Change Adaptation

In the temperature model, credit access and the percentage of farm on their total income were found to be the most influencing independent variables yielding significant results for three dependent variables. Gender of head of household, membership to any farming institution, farming area and access to the weather information were found other influencing determinants which have produced significant results for at least two dependent variables. Distance to the nearest market not was found as influencing to any dependent variables and the rest of the factors were found significant for at least one dependent variable. Gender of head of household, household size, many parcels of land and In the precipitation model, perception of more precipitation and gender of head of household were found the most influencing determinants having significant effect for three dependent variables. Tenure, credit access, membership, percentage of farm income, total farming area, having rainfed farming and access to the weather information have yielded significant result for at least two dependent variables. Likewise, perceiving change in temperature and drought, farm decision taken by head of household, age of head of household, access to telephone and nearest distance to the market produced significant result for at least one dependent variable. However, number of adult male working in the farm and perception of change in disease pest did not yield any significant result for any dependent variable. Regarding the direction of influence, credit access, membership, percentage of farm income, farming area, perception of change in drought, age of head of household and telephone access exhibited positive relationship. However, tenure and rainfed farming produced mix result, and rest yielded negative relationship.
In the drought model, tenure, credit access, number of adult male working in the farm, farming area and rainfed farming were found most influencing determinants which have yielded significant results with at least two dependent variables and percentage of farm income produced no significant results. Rest factors yielded at least one significant results for dependent variables. Regarding the direction of influence, only number of farm adult male, gender of head of household and distance to the nearest market had negative relationship and the rest have positive relationship.
Marginal Effects
The parameter estimates of the MVP give the likelihood of the outcomes' occurrence. However, it cannot be quantified. Nevertheless, the marginal effect can be calculated for each model, which gives quantification of the influence of the variables.
Marginal Effect of the Temperature Change Model
The Table 4 portrays the marginal effect of explanatory variables for the temperature model. Age, gender and education of head of household (HoH), area, tenure, credit access, membership, distance, irrigation and number of males increases the probability of adaptation, whereas percentage of farm income, household size, weather information and additional plots decreases the probability of adaptation. The largest effect is found for gender, followed by credit access and irrigation. Furthermore, with HoH being a female, the probability of adaptation increases by 0.474. Similarly, access to credit increases the probability of adoption adaptations by 0.445, and for the rain-fed farming system it is 0.435. Similarly, the highest decline is found for having access to weather information (0.22). 
Marginal Effect for Precipitation Model
The result of marginal effect for precipitation model is presented in Table 5 . Perception of temperature and drought frequency changes, farming decision by HoH, female as HoH, own-land, credit and telephone access, farm area, education of HoH and rain-fed farming system increase the probability of adaptation against precipitation. Similarly, higher precipitation, age of HoH, number of adult males, membership, percentage of farm income and distance decrease possibility of adaptation. Moreover, possessing telephone boosts the probability of adaptation by 0.544, which is the highest influence among the explanatory variables followed by farming area, access to credit and tenure. Similarly, increase in each hectare of land increases the probability of adaptation by 0.351 and if household has credit access and has own farming land, the probability of adaptation increases by 0.346 and 0.312 respectively. The highest negative influencing factor is increasing rainfall (0.454). 
Marginal Effect for the Drought Model
The result of the marginal effect for drought model is presented in Table 6 . Except gender of HoH, adult male and percentage of farm income, all variables are imparting positive influence. Moreover, possession of a telephone is quite an influencing factor, indicating households having a telephone increases the probability of adaptation by 0.854. Then, it is followed by tenure and farming area. Furthermore, if a household has its own farming land, the probability of adaptation increases by 0.539. Similarly, for every additional one-hectare land, the probability of adoption increases by 0.464. In the case of negative influence, the number of male adults is the highest. Increasing male adult in farming by one decreases the probability of adoption by 0.200. 
Discussion
Household Characteristics
Age of HoH is mostly found positive for all choices against all changes, meaning the older the head of the household, the more likely the chance for adaptation. However, the negative coefficient of age for various adaptations, might be supported by the fact that youth are relatively innovative as compared to older generations [13, 37] , and the positive association of age and adaptation practices might be due to experiences, cumulative knowledge and skills [38] . Furthermore, also in previous literature, the influence of age was both positive [16, 17, 38] and negative [13, 18, 37, 39] .
Gender of HoH is commonly found to be negatively associated for all adaptation choices except for change in crop date adjustment against change in temperature and precipitation. It signifies female-headed households are less likely to adopt given choices. Nevertheless, a few studies highlighted that female-headed household are highly expected to adopt crop diversification due to higher experience and information on various management practices [18] . Likewise, male-headed households are highly adaptive to resource-intensive decisions, like change in crop type and irrigation investment due to resource endowment [16] and probably a consequence of social structure.
Except for the crop type change against temperature and precipitation alteration, education of HoH is positively associated with all adaptation options against all changes. In general, the higher the education, the higher the chance of adaptation. Similarly, the majority of previous literature also reported mixed results for education [13, 17, 38] .
In the temperature model, household size is negatively associated except for change in crop variety, although is only significant for change in crop type. It implies that a large household size causes a lower chance to change crop type. Similarly, several previous studies also produced mixed result on influence of household size [18, 19, 40] . Percentage of total income coming from the farm is positively correlated with all adaptation choices except change in crop date. However, in the drought model, for all choices, it is not significant. More importantly, it means that the higher the income coming from the farm, the greater the likelihood of adoption of adaptation alternatives. Apparently, the higher the percentage of farm income, the lower the livelihood diversification and consequently, the higher dependency on farming leads to higher chances of adaptation [16] .
The farm decision is negatively associated with all coping strategies except crop date adjustment and is significant for irrigation investment. It suggests that HoH is not interested in a change in farming system. As previously discussed in the age factor, the older generation is reluctant towards changes. Moreover, it might be supported by education level, where the older generation is less educated, and those who are educated are likely to adopt those adaptations.
Farm Characteristics
In all cases, adaptation choices and farming area are positively associated, implying increasing area elevates the chances of adaptation. Similar results were reported by some previous studies [35] . However, several other studies reported mixed results [13, 18, 38] .
For the temperature model, absence of additional plots reduces the chances of adaptation, except for change in crop type. However, only irrigation investment is significant. If the household has additional plots, they are supposed to diversify the crop and this discourages them to invest in irrigation, which might be associated with cost of irrigation for fragmented land. Likewise, certain studies also produced mixed influence for additional plots [18] .
For the exclusively rain-fed farming system, all adaptation options are positively associated except for a few, and are not significant. It signifies that exclusively rain-fed farming is more vulnerable, and it encourages farmers to adopt adaptation options.
In the case of tenure, generally, if farmers are farming on their own land, they are found more adaptive, except for change in crop type against precipitation alteration. It implies that farmers hesitate to invest in others' land, despite climatic adversities, and similar results were reported previously [19, 41] .
The number of adult males in the farm is positively associated in the temperature model, negatively associated in the drought model and not significant in the precipitation model. Moreover, also in the previous study, the influence of male adults working on farms is not consistent.
Household Access
The credit access of the household is found to be positive for all choices in all models, except change in crop type against temperature alteration. However, it is not significant. Thus, it implies that having credit access increases the likelihood of adaptation. Moreover, a few previous studies reported all positive or mostly positive association of credit access in adaptation [17] [18] [19] 38] .
Having telephone access to the household is found to be positively associated with all adaptation options. The access to the telephone is two-way communication, and more effective than one-way communication. The positive relationship might be a result of the interaction between famers and agro-vets, which sell inputs in their locality.
The distance to the nearest market is generally negatively correlated to all adaptation options except for a few, which are not significant. Ordinarily, the relationship is-the farther the markets, the lesser the likelihood of adaptation because of the lower level of commercialization. However, the positive influence of market on change in crop type could be associated with crop diversification [18] .
The membership is defined as any kind of affiliation of the household in the community, like cooperatives and farmers group, which is, generally, positively associated with all adaptation options. Normally, the membership increases the exposure of the household, which may encourage adaptation. Nonetheless, several previous studies also produced similar mixed results for membership of the household [13, 16, 18, 37] . Surprisingly, access to the weather information is negative in all cases, which could be due to ineffective weather information systems and lower dependency of farmers on provided weather information or ignorance by famers due to lower reliability. However, the previous studies also produced a negative relationship of weather information on certain adaptation options [13, 16, 18, 38] .
Climate Perception Factors
The perception of temperature change was used in the precipitation model only and it produced mixed results. Its presence is expected to increase adoption of crop date adjustment and crop type alteration, but unlikely to adopt change in crop variety and irrigation investment.
When farmers perceived change in drought frequency, they are expected to adopt given sets of coping strategies.
All adaptation options are negatively linked with perceived decreased precipitation and, except for change in crop type, all are highly significant which is probably connected to the fact of limited irrigation facility and higher dependency on rainfall. Consequently, limited irrigation facilities and decreasing rainfall is anticipated to encourage farmers to invest in irrigation.
Conclusions
The perception of climate change was assessed, the factors influencing climate change adaptation were identified and its marginal effect was determined using the multivariate probit model for Nepal. The large majority of respondents replied that they observed alteration in climatic variables-temperature, precipitation and drought. However, direction of changes is not univocal. Among others, gender, age and education level of the HoH, credit access, exclusively rain-fed farming, farm area, weather information, and additional plots are found to be influencing on perception. Furthermore, gender of HoH influence on perception is not uniform. Despite differences in proportions, a greater number of the younger generation replied that they observed changes. Regarding educational influence, generally, the higher the education the higher the response for conforming changes. Similarly, experience, composite of education and age, is positively associated with perception. Despite wider perception of climate change, the adaptation was not common, which is backed by less than a 50% adoption rate. Change in crop variety is the most popular against change in temperature; however, change in planting date is common against change in precipitation. As expected, irrigation investment was found to be the best adaptation option for increasing frequency of drought.
The likelihood ratio test of independence of error terms was rejected in all four MVPs, which justified the choice of the MVP over a single equation-probit model to capture the interaction of the adaptation options. For all MVPs, the four given adaptation options are complementary to each other since pair-wise correlation coefficient are positive.
For the superior adaptability, focusing on crucial factors is extremely essential. Age, gender and education of HoH, credit access, farming area, tenure and irrigation, are major determinants for all models and all adaptation options. Therefore, targeting experienced farmers for promotion of adaptation options increase the likelihood of adoption. The credit access is also playing a crucial role and having credit access increases the likelihood of adaptation. It could be coupled with membership, which might increase the likelihood of adaptation. The strong positive association of farming area and adaptation options is indicating that land consolidation likely to favor climate change adaptation. Conversely, land fragmentation is discouraging farmers to adopt and to invest. The results also identified that exclusively rain-fed and higher percentage of farm income in total household income is favoring adaptation, indicating poor farmers and having no irrigation facilities are having severe effects. Therefore, the government is encouraged to support poor farmers for year-round reliable irrigation facilities. 
